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Abstract:

This document is a summary of research efforts of the MDOT-sponsored research project, “High-tech
Workforce Preparation for Emerging Transportation Technologies.” This project was broken into five
substantial tasks. They are as follows:

Task 1: State of Practice Review for Transformative Technologies — Task 1 describes five core concepts

chosen by the MDOT project management team as areas of focus to evaluate workforce development.
MDOT identified these concepts based on information provided in an earlier draft and provided in the
appendix sections. This section also briefly analyzes MDOT technology-related strategic plans to identify
core technology concepts. Appendix B contains additional information about the core technology
selection process plan.

Task 2: Recommendation for Ideal Core Competencies Needed at MDOT and MDOT’s Organizational

Structure — This task highlights the current state of the transportation-related infrastructure sector,
provides an overview of MDOT'’s organization, and reviews best practices across selected state DOT’s.

Task 3: Technology-enabled Workforce Strategic Plan — Task 3 is focused on the strategic planning

process and provides MDOT with some strategic recommendations for preparing a technology-enabled
workforce across the department. To provide a set of recommendations, the project team developed a
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SWOT analysis to identify MDOT’s current strengths, weaknesses, opportunities, and threats to
preparing their workforce for these emerging technologies.

Task 4: Training Materials for Current and Future Workforce — Task 4 provided an in-depth analysis of

five hard-to-fill occupations as determined by an internal survey of MDOT departments and discussions
between the project team and MDOT RAP Committee advisors. This analysis includes an occupational
snapshot of each position, an analysis of the current training landscape by occupation, and a gap
analysis of how to prepare additional training to accommodate future technologies.

Task 5: Future Workforce Recruitment Planning — The last task focused on delivering recommendations

for recruitment strategies for MDOT. Under this section, the team provided an overview of the current
recruitment landscape, along with an analysis of challenges and opportunities MDOT could utilize in
their recruiting strategy, and this section ended with a comprehensive recruitment flow by occupation
for the five hard-to-fill positions identified in Task 4.
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Introduction

Over the past decade, the advancement of transportation technologies has been rapid. The introduction
of technologies, including wireless communication, ITS, big data analytics, connected and automated
vehicle technologies (CAV), and civil integrated management (CIM), can transform the way
transportation agencies conduct their operations. Many state departments of transportation (DOTs) are
exploring the potential applications of emerging technologies for transportation systems management.
As this continues, the workforce must similarly understand how to work with these technologies.

MDOT has called on CAR to provide an overall strategy to prepare a high-tech construction and
operations-focused workforce within the next ten years to meet the demand for technology-enabled
workforce development. CAR, with support from the Workforce Intelligence Network (WIN), is
addressing three primary objectives for this project:

e Conduct research on new technologies and associated implementation strategies,

e Develop a series of recommendations for MDOT units to aid decision-makers in identifying the
expertise gap within MDOT's current construction and operation workforce, and

e Provide a set of recruitment strategies and training materials for acquisition and (re)training the
current and future workforce. These strategies will produce an agile model that will allow MDOT
to continue to change these materials as technology emerges.

CAR researchers divided the objectives of this project into five substantive tasks. The following
document presents a consolidated report of the research tasks.

Main Objectives

MDOT must ensure its workforce maintains knowledge in these specialties. Providing retraining
opportunities for the current workforce while simultaneously identifying emerging skills needed for
workers is vital when attracting and recruiting skilled employees. Maintaining an efficient organizational
structure is crucial to keep pace with the advancement of emerging technologies.

The following analysis explores the critical emerging technologies that will impact MDOT’s work
considerably and the existing internal and external resources available to the department for workforce
development. This guide also provides recommendations for workforce development strategies. It
highlights the educational institutions and programs, skills, and occupations in southeast Michigan to
analyze the current landscape of transportation-related occupations and identify emerging trends in the
industry.

Methodology

In Task 1, the CAR team reviewed pre-existing MDOT documents to identify core technology concepts.
The team then identified a series of basic technologies with potential implications for current or future
MDOT activities, technology-based concepts that describe how disparate technologies can work
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together within practical applications, and finally, transportation departments adopted technology-
based practices. These practices leverage the aforementioned individual technologies and concepts.

CAR broke Task 2 down into the following sections: Current State of the Industry, MDOT Organizational
Analysis, and Review of Best Practices of workforce development programs within the state DOTs.
Throughout this effort, researchers gathered information using various methods, including literature
research, data analysis, and interviews, to assess the primary skills needed to adopt each technology.
Researchers pulled data from the Bureau of Labor Statistics Occupational Employment Statistics
program, which produces employment and wage estimates for nearly 800 occupations (Bureau of Labor
Statistics, 2020). The analysis focuses on the following occupational categories:

e Architecture and Engineering

e Computer and Mathematical

e Construction and Extraction

e Life, Physical, and Social Science
e Management

The final part of this section provides a review of the academic programs offered across Michigan
focused on the construction and operations of the transportation-related infrastructure. This analysis
includes pre-professional, certificate, associate-level, undergraduate-level, and graduate-level degree
programs across major academic institutions in Michigan. Using the occupational categories listed
above, CAR consolidated educational programs under each of the relevant categories.

In Task 3, to provide a strategic plan for MDOT, the team conducted an extensive literature review of
existing reports and journal articles on recruiting, retention, and training practices for transportation
employees and performed a content analysis of MDOT strategic plans. Further, the team prepared a
survey to collect MDOT leaders' insights about emerging high-tech workforce needs and the existing
gaps. The team used the findings to arrange a matrix of strengths, weaknesses, opportunities, and
threats and a set of recommendations on technology-enabled workforce preparation for MDOT.

To accomplish Task 4, the WIN team analyzed the data obtained through CAR research, together with
WIN data, to conduct an environmental scan and asset map of educational training resources and
conduct an environmental scan of Performance-Based Objectives (PBO’s) for high demand occupations.
WIN examined in-demand training programs, skills, certifications, and wages to provide a full landscape
of the projected change in operations to the transportation industry.

During Task 5, WIN analyzed the survey results obtained through the MDOT organization-wide survey.
WIN examined in-demand training programs, skills, certifications, and wages to provide the entire
landscape of the projected change in operations to the transportation industry. This report includes
recruitment recommendations to identify critical techniques needed to manage the changing
transportation infrastructure. WIN conducted 1:1 interviews with transportation infrastructure
education experts to inform additional research on recruitment and strategy. WIN also performed a
literature review of various recruitment best practices in the Southeast Michigan region and the state.
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Task 1: State of Practice Review for Transformative Technologies

1.1 Core Technology Focus Areas

One of the critical goals of this project was to identify a group of core technologies forecasted to
become especially essential to a transportation agency's operation in the future. With that aim in mind,
the CAR team researchers first identified a comprehensive list of emerging technologies, practices, and
concepts in engineering, design, construction, operation, and transportation system management
(please see Appendix B for more detail). The list included technologies, technology-based practices, and
also technology-based concepts. Guided by creating the list of emerging technologies, methods, and
concepts, the CAR team worked with the MDOT Project Manager and Research Advisory Panel to
narrow down the list to five groups of highly impactful technologies to MDOT practices. This section
provides detail on the top five focus areas as selected by the MDOT project management team.

1.1.1 Mobile Robotics

Recent advancements in mobile robotics offer possibilities for DOTs to provide valuable data while
reducing risk to personnel. Mobile robots might be either remote-controlled or capable of autonomous
operation. Autonomous on-road vehicles are one obvious and potentially long-term application of
autonomous robotics. However, DOTs are currently using small robotics for practical applications and
investigating other near-term uses.

FIGURE 1. A TETHERED MOBILE ROBOT USED FOR INSPECTION OF DRAINAGE SYSTEMS

Source: SR&R Environmental (accessed July 2020)

Operation

The operation of mobile robots is a learned skill. A qualified operator will be required to control the
robot without undue risk to people, the environment, or the technology itself. Some mobile robots may
have aspects of their operation that are automated by software. DOT staff responsible for mobile
robots' operation may need to be knowledgeable in real-time remote control and programming code.
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Data Collection

Adopting mobile robotics will also present opportunities and challenges in utilizing remote sensing
technologies for inspection tasks that traditionally have relied on human vision and experience. Robotic
platforms can accommodate an ever-expanding variety of sensors (e.g., vision, thermal vision, lidar).
DOT staff utilizing such platforms will require working knowledge of the appropriate sensor types and
how to interpret the sensors' data.

On-road Automated Vehicles

Automated vehicle technology has many potential applications, including use by highway work crews.
One demonstrated application is to install leader-follower technology in attenuator trucks (designed to
absorb the impact of wayward vehicles) (Kratos Defense & Security Solutions, n.d.). By setting an
attenuator vehicle to follow a leading vehicle, work crews can avoid putting a driver in a high-risk
situation and utilize that crew member for other tasks.

FIGURE 2. AUTONOMOUS ATTENUATOR TRUCKS CAN REDUCE RISKS TO ROAD CREWS

Source: Heavy Hunt (accessed July 2020)

Unoccupied Aerial Vehicles (UAVs)

Unoccupied aerial vehicles (UAVs)—more commonly referred to as drones—offer agencies improved
infrastructure inspection practices compared to traditional methods. Also, recent FAA regulations have
facilitated the use of UAVs for commercial (and government) applications such as digital mapping and
bridge inspection. DOTs may find it very useful to have professional UAV operators on staff to inform
other staff members on the established and potential use cases.

Inspection via UAVs has been substantially researched and shows much promise for implementation
into routine operations. Recent research with the Michigan Tech Research Institute (MTRI) evaluated
five UAV platforms for practical suitability for bridge inspection and traffic monitoring. The project
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demonstrated the ability to rapidly and accurately detect bridge deck surface and subsurface condition
issues using UAV-collected imagery (Brooks, et al., 2018).

FIGURE 3. UAV-BASED LIDAR INSPECTION PLATFORM

Source: MTRI and MDOT accessed July 2020

Crawling and Climbing Robots

In the realm of mobile robotics, full-size autonomous vehicles and UAVs receive much attention.
However, transportation agencies have quietly adopted ground-dwelling robots into practice.
Researchers continue to improve on existing platforms and experiment with new applications. For
example, roboticists have designed robots to crawl along with bridge members, tunnel through drainage
culverts (Figure 4), and even climb concrete walls (Figure 5).

FIGURE 4. PIPE AND CULVERT INSPECTION ROBOT

Source: SuperdroidRobots, accessed July 2020
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FIGURE 5. A PROTOTYPE BRIDGE INSPECTION ROBOT

Source: Swiss Federal Institute of Technology via HJ3 Composite Technologies

Aquatic Robots

Traditional underwater inspection is performed manually by a certified diver who is also appropriately
trained to conduct inspections. The increasing availability of low-cost high-function aquatic robots
equipped with high-quality sensors can reduce the necessity of manual inspection—decreasing risk and
cost. Submarine robots have even been used in underwater construction (Figure 6 & Figure 7) (ROV
Replaces Divers in Monopile Installation Work, 2017).

FIGURE 6. AN UNDERWATER ROV WITH CUSTOM-FITTED TOOLS CAN PERFORM SOME CONSTRUCTION TASKS

Source: Ocean News, accessed July 2020
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FIGURE 7. MDOT’S BRIDGE INSPECTION ROBOT USES SONAR TO DETECT UNDERWATER CHANNEL SCOUR AROUND
BRIDGE PILINGS

Source: AASHTO Journal, accessed July 2020

1.1.2 Advanced Traffic Management Systems

An Advanced Traffic Management System (ATMS) is a concept for leveraging information and
communications technology for active traffic control interventions. Complex ATMS are often centrally
operated from a traffic operations center. Traffic operations professionals monitor data feeds in real-
time to detect issues such as crashes and congestion. When necessary, traffic operators can respond to
traffic problems with a variety of mitigating interventions. The options available to traffic operators may
include sending traveler information out to dynamic message signs, deploying first responders, and
adjusting traffic control signal timing (De Schutter, et al., 1999, pp. 42-51).

FIGURE 8. SOUTHEAST MICHIGAN TRAFFIC OPERATIONS CENTER (SEMTOC)

Source: Click On Detroit, (accessed July 2020)
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Intelligent Transportation Systems

ITS describes a broad conceptual approach of utilizing information and communications technology to
improve traffic and the transportation system's management and operation.! The statewide MDOT ITS
system includes the following devices and approximate device counts.

TABLE 1. MDOT ITS DevICE COUNT AS OF SEPTEMBER 2019

Closed-circuit Television (CCTV) Camera 670
Microwave Vehicle Detection Station (MVDS) 717
Environmental Sensor 563
[DSRC] Roadside Unit (RSU) 251
Dynamic Message Sign (DMS) 235
Pavement Sensor 140
Lane Control Sign 93
Wireless Vehicle Detection Station (WVDS) 43
Dynamic Display Panel 68
Flasher Sign + Flashing Beacon 40
Travel Time Sign 12

Source: MDOT ITS Database, downloaded September 2019. CAR performed additional data cleaning.

Advanced Signals 2

A standard traffic signal has a pre-determined cycle time no matter what the circumstances. A slightly
more complicated system may allow for timing variations based on time of day; for example, extending
the green phase for a corridor during rush hour or converting to a blinking-red phase during late-night
hours, but these phases are still pre-determined. Changing timing schemes on traditional signals
generally requires manual re-programming of the device in the field.

In recent decades, state and local transportation departments have been upgrading signal systems with
advanced signals that provide various means of more efficient traffic control. Modern signals are
intelligent connected devices capable of control and monitoring by remote TOCs and dynamic response
to traffic conditions (Descant, 2018). Many agencies, including MDOT, have adopted extensible

L ATMS is sometimes considered a subset of ITS. However, ITS is a broader concept that includes individual
devices. ATMS is an ITS-based system that combines a variety of devices and processes within a coherent
operational architecture.

2 Advanced signal technologies are often considered a subset of ITS. MDOT is currently in the process of merging
their signals and ITS operations. For the time-being, MDOT’s Intelligent Transportation Systems (ITS) program is
considered a subcomponent of MDOT’s TSMO program and the signals program is separate, but integrated into
MDOTs ATMS via TOCs.
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standards to integrate future signal technologies (Michigan Departments of Technology, Management
and Budget and Transportation, 2019).

FIGURE 9. MDOT STANDARDS FOR TRAFFIC SIGNAL CONTROL CABINETS REQUIRE A MODULAR LAYOUT To ALLOW FOR
FUTURE TECHNOLOGIES

Source: Econolite

1.1.3 Data Analytics

MDOT, like all DOTs and most large organizations, has access to myriad data sources. Determining what
data is valuable and how it can be used is a complex task. Turning data into actionable information often
requires skill and experience. The ability to understand the value of data and information is valuable
across an enterprise.

The term “Big Data” became popular about a decade ago but has declined in use in the last five years or
so. Big data is just data but reflects an understanding that the cost of collecting and storing data had
prompted the aggregation of massive datasets that were difficult to analyze using traditional methods
like spreadsheets. Often, conventional relational databases are not even up to making sense of massive
datasets, prompting many large organizations to develop proprietary data analysis software. The
complexity of pavement management systems and associated data have led many transportation
agencies to pursue such options (Zimmerman, 2017).

Transportation agencies typically work with fairly well-structured and standardized data, implying that
common database approaches are sufficient for most purposes. However, leveraging even simple
databases for practical purposes often requires working knowledge of programming languages and
database architectures (Brooks & Ahlborn, 2017). Data science professionals and MDOT staff with a
working knowledge of database management systems, geographical information systems (GIS), and
other tools could provide additional value in identifying new ways to glean insight and integrate valuable
information throughout the enterprise.

Artificial Intelligence

Recent advancements in artificial intelligence (Al) allow data analysts to automate and optimize
analytics processes to generate new and powerful insights. The following are specific approaches to Al.
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Machine Learning

Machine learning is a process in which a specifically designed algorithm can automatically derive
information from large datasets. With machine-learning techniques, programmers establish general
relationships between potential inputs and outputs concerning the program’s end goal. The operational
details of the algorithm are initially left unresolved. Instead of specific operating rules, Al learns the
relationships between inputs and outputs when presented with a set of training data. A basic machine-
learning process is often similar to statistical regression. However, it may use advanced statistical
methods or handle large inter-related datasets that would be difficult or impossible for humans to
comprehend and manipulate with traditional regression approaches.

Neural Networks, Deep Learning, and Cognitive Computing

Many decades ago, computer scientists and artificial intelligence (Al) researchers, inspired by new
neuroscience findings, designed processing architectures and software algorithms that mimic neurons'
biological activity in the human brain. This approach to artificial intelligence has enjoyed a recent
resurgence as evolving computer hardware, and the availability of large data sets have made it more
viable. Such an approach is generally known as an artificial neural network. Multiple layers of artificial
neurons (known as perceptrons) can be combined to process data in a process known as deep learning.
The real-time implementation of deep learning is known as cognitive computing (Center for Automotive
Research, 2018).

One promising application of deep learning to transportation management is to use neural networks to
adjust adaptive traffic signals' timing across a grid road network (Liang, Du, Yang, & Han, 2019).

FIGURE 10. A MODEL FOR TRAFFIC SIGNAL CONTROL VIA DEEP REINFORCEMENT LEARNING
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Source: Liang et al. via IEEE Transactions on Vehicular Technology

1.1.4 Mechanistic-Empirical Design and Engineering

While MDOT provides a range of transportation and mobility-related services, highway pavements
construction and maintenance are core priorities. Pavements and bridges comprise the vast majority of
MDOT’s assets by cost. There are opportunities for MDOT to achieve substantial improvements in
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operational efficiency by improving the design and management of pavement assets. The state-of-the-
art in pavement design is called mechanistic-empirical (M-E) design.

FIGURE 11. BASsIC COMPONENTS OF CONCRETE PAVEMENT DESIGN

Surface smoothness Thickness Design

Concrete materials

Dowel bars

Subbase or base

Source: Dr. B Munwar Basha, accessed July 2020

Mechanistic-empirical design and engineering is an accepted best practice intended to promote
continual advancement in providing high-quality infrastructure will minimal lifecycle costs. This
approach requires data collection matched to key performance metrics, efficient enterprise data
management, and intelligent data analytics. The ability to use M-E pavement design to optimize
pavement asset management relies on collecting specific objective pavement performance metrics
across a pavement’s service life (Pierce & McGovern, 2014).

MDOT Construction Field Services Division began efforts to transition to M-E design in 2012. However,
because the action was not coordinated with maintenance or asset management processes, MDOT’s
pavement engineers are not provided with key data elements. The full adoption of M-E principles across
MDOT would enable continual improvement of pavement design and asset management strategies
(Dennis & Spulber, Performance-Based Planning and Programming for Pavement Management, 2016).

The MDOT Pavement Design Guide details how MDOT pavement engineers utilize AASHTOWare
Pavement ME Design software. The guide also highlights aspects of the design process where historical
data is missing to allow for better local calibration. A department-wide adoption of an M-E framework
could collect this data to inform pavement design and management strategies, helping to maintain
Michigan’s highway network in better condition at a reduced cost (Michigan Department of
Transportation, 2020).

1.1.5 Complete Streets Design and Context-sensitive Solutions

State DOTs historically optimized highway design for “level-of-service” (LOS)—a measure of vehicle
throughput. As a result, transportation systems often prioritize traffic of privately-owned vehicles, often
to the detriment of other uses of public rights-of-way. While MDOT has adopted various context-
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sensitive policies to obtain community buy-in and provide multimodal service (Michigan Department of
Transportation, n.d.), achieving a sustainable future of transportation and mobility will require
familiarity and buy-in of these policies across the organization.

Complete Streets

According to the USDOT, adopting a complete streets policy implies that “the focus of road design is no
longer about auto-mobility, but creating an overall network that serves all users” (U.S. Department of
Transportation, n.d.). There is no single design prescription for a complete street. Each design should be
context-sensitive to the community's needs (Smart Growth America and National Complete Streets
Coalition, 2016). Aspects of complete streets design that highway engineers have historically ignored
include (Smart Growth America and National Complete Streets Coalition, 2016):

e Needs of bicyclists and people on foot

e Transit and multimodal infrastructure

e Links between transportation and land-use planning

e Links between transportation systems and human health metrics

e Links between transportation and sustainability (social, environmental, and economic)

FIGURE 12. WASHINGTON AVENUE IN BAY CITY FEATURES COMPLETE STREETS DESIGN ELEMENTS SUCH AS WIDE
PEDESTRIAN-FRIENDLY SIDEWALKS, TRAFFIC-EXCLUDING BOLLARDS, AND STREET TREES

Source: MDOT, accessed July 2020

Context-Sensitive Solutions

The earnest adoption of a complete streets policy is an essential first step in transitioning a
transportation agency focused on traffic to a mobility agency focused on people. However, it is critical
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that designers also consider the community's needs and preferences surrounding a highway project; this
is a difficult task requiring new skills. Individual people have individual interests and expectations that
may be conflicting or unrealistic. For a highway project to best fit a community's context, a
transportation agency may need to incorporate communicative planning, consensus building, and
conflict resolution processes.

The non-profit Project for Public Spaces describes context-sensitive solutions as “a collaborative,
interdisciplinary approach that involves all stakeholders to develop a transportation facility that fits its
physical setting and preserves scenic, aesthetic, historic and environmental resources while maintaining
safety and mobility” (Project for Public Spaces, 2013-2017).

FIGURE 13. COMMUNITY ENGAGEMENT SHOULD OCCUR EARLY IN THE PROJECT DEVELOPMENT TIMELINE
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Source: MDOT, accessed July 2020

The subsequent sections of this document contain background information that was aggregated in
selecting these core five concepts.

1.2 MDOT Technology Strategic planning

CAR has reviewed existing MDOT planning documents that guide the Department’s technology
integration into transportation systems management and operations. A summary of the critical aspects
of each document is available in Appendix B.

A review of MDOT’s most pertinent technology-related planning documents reaffirms MDOT'’s
commitment to remaining informed of the advancements in transportation-related technology. Further,
MDOT aspires to operate with sufficient flexibility and a culture of innovation to facilitate the efficient
adoption and utilization of emerging technologies when appropriate. This collection of plans is often
specific in describing technology innovations that MDOT has explored and adopted in the past but does
not propose particular deployment plans or investment strategies for future years. MDOT not declaring
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specific technology initiatives for coming years may be an appropriate approach given that it is
practically impossible to predict the future development and adoption of emerging technologies. Unlike
forward-looking transportation planning based on broad structural and demographic trends, integrating

future technologies must remain reflexive and adaptive.

A theme that runs through several of the planning documents is internal friction between MDOT
business areas. Part of this is general communication and coordination issues, but there is also a
frequent acknowledgment that various data streams within MDOT are redundant, underutilized,
inefficient, outdated, or otherwise suboptimal. Addressing MDOT’s ICT and enterprise data
management architecture is likely to be a multi-year effort. This will likely never reach a state of
completion but will require continual revision and improvements in response to changing technologies,
regulations, and other factors. However, this issue points to an immediate need for in-house expertise in
information/communications technology (ICT), including computer network architecture, database
architecture, data analysis, and enterprise data management.
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Task 2: Recommendation for Ideal Core Competencies Needed at
MDOT and MDOT’s Organizational Structure

2.1 Current State of the Industry

Providing recommendations for the ideal core competencies needed at MDOT (recommendations found
under Task 3) requires starting by analyzing the industry's current state. The following section provides
an overview of emerging skills required for the operation and construction workforce, employment
trends in the transportation-related infrastructure industry, and Michigan’s current educational and
training programs for this sector.

2.2 Emerging Skills in the Operation and Construction Workforce

Much of the emerging technology in the transportation-related infrastructure sector, especially on the
construction side of operations, is developed to increase productivity, safety, job satisfaction, and
profitability. The following section highlights the emerging skills needed to accommodate this era of
advancement in this industry (please see Task 1 for a complete analysis of emerging technologies).
These skills are broken into two distinct categories: technical skills and soft skills.

Technical Skills:

e Building Information Modeling

e (Circuit Knowledge

e Cloud Computing

e Cybersecurity

e Data Mining and Predictive Modeling

e Data Science

e Geographic Information Science

e Internet of Things (loT)

e Mechatronics

e Productivity software solutions (PlanGrid)

e Project Controls (Earned Value Management (EVM))
e Programming (i.e., Python, C++, MATLAB, JavaScript)
e Robotics Engineering

e Robotic Process Automation

e Signal Processing

e Software Development

e  Statistics

e Trouble-shooting
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Soft Skills:

e Communication

o Creativity

e Collaboration

e  Critical Thinking

e Cultural Awareness
e Decision Making

e Emotional Intelligence
e Growth Mindset

e |nnovation

e Leadership

e Management

e Systems Thinking

e Task Management

2.3 Analysis of Employment Trends in Transportation-Related
Infrastructure Industry

The following section provides a detailed analysis of the five major occupational groups that are
employed in the transportation-related infrastructure sector (please see the methodology section for
greater detail on the classification system):

e Architecture and engineering,

e Computer and mathematics,

e Construction and extraction,

e Life, physical, and social science, and
e Management

2.3.1 Architecture and Engineering

The architecture and engineering category includes three minor groups: Architects, Surveyors, and
Cartographers; Engineers; and Drafters, Engineering Technicians, and Mapping Technicians. Occupations
within these minor groupings include Surveyors, Civil Engineers, and Architectural and Civil Drafters.

In 2019, the largest occupations in the United States and the state of Michigan within this category were
electrical and electronics engineers (314,360 US employment/14,090 MI employment), followed by civil
engineers (310,850/6,640), drafters (192,760/5,330), and electrical and electronics engineering
technicians (122,550/2,320) (Bureau of Labor Statistics, 2020). Michigan saw a year-over-year percent
decline in two of the largest occupations in the architecture and engineering category: civil engineers
(declined by 8.7 percent) and electrical and electronics engineering technicians (declined by 16.8
percent) (Bureau of Labor Statistics, 2020).

Please see Table 2 below for more details.
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TABLE 2. TOP ARCHITECTURE AND ENGINEERING OCCUPATIONS IN MICHIGAN, 2019

Ml
. YOY Percent

Top Occupations Employment

Change

(2019)

Electrical and Electronics Engineers 14,090 6.7%
Civil Engineers 6,640 -8.7%
Drafters 5,330 5.8%
Electrical and Electronics Engineering Technicians 2,320 -16.8%

Source: U.S. Department of Labor, Bureau of Labor Statistics

The highest paying architecture and engineering jobs in 2019 in the United States were computer
hardware engineers (USD 56.36 median hourly wage), electrical and electronics engineers (USD 48.68),
health and safety engineers (USD 43.95), and environmental engineers (USD 42.72) (Bureau of Labor
Statistics, 2020). Michigan’s top-earning occupations in this category in 2019 were health and safety
engineers (USD 46.68 median hourly wage), electrical and electronics engineering (USD 46.00),
computer hardware engineers (USD 44.49), and environmental engineers (USD 42.25) (Bureau of Labor
Statistics, 2020).
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FIGURE 14. ARCHITECTURE AND ENGINEERING WAGE ANALYSIS BY OCCUPATION, 2019
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Source: U.S. Department of Labor, Bureau of Labor Statistics

From 2010 to 2017, Michigan’s architecture and engineering employment level increased year-over-
year. However, since 2017, this occupation category has seen year-over-year declines—dropping
Michigan’s share of U.S. employment in this occupational group from 3 percent in 2017 down to 2.6
percent in 2019 (Bureau of Labor Statistics, 2020). Please refer to Figure 15 below for the complete
historical trend of the group.
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Figure 15: Architecture and Engineering Employment, 2010 to 2019
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2.3.2 Computer and Mathematics

The computer and mathematical category is split into two minor groups: Computer Occupations and
Mathematical Science Occupations. Occupations within these subgroups include Information Security

Analysts and Data Scientists.

In 2019, the largest occupations in the United States and Michigan within the computer and
mathematics occupational category were software developers (1,406,870 US employment/40,190 M
employment) followed by computer support specialists (832,750/21,480), computer systems analysts
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(589,060/14,350), and network and computer systems administrators (354,450/6,680) (Bureau of Labor

Statistics, 2020). Michigan saw a year-over-year percent decline in three of the largest occupations
under the computer and mathematics category. These occupations were computer support specialists
(declined by 1.8 percent), computer systems analysts (decreased by 6.9 percent), and network and

computer systems administrators (declined by 7.7 percent) (Bureau of Labor Statistics, 2020). Please see

Table 3 below for more details.
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TABLE 3: TOP COMPUTER AND MATHEMATICS OCCUPATIONS IN MICHIGAN, 2019

. MI Employment YOY Percent
Top Occupations
(2019) Change
Software Developers 40,190 0.8%
Computer Support Specialists 21,480 -1.8%
Computer Systems Analysts 14,350 -6.9%
Network and Computer Systems Administrators 6,680 -7.7%

Source: U.S. Department of Labor, Bureau of Labor Statistics

The highest paying computer and mathematics jobs in 2019 in the United States are computer and
information research scientists (USD 59.06 median hourly wage), computer network architects (USD

54.18), software developers (USD 51.69), and information security analysts (USD 47.95). Michigan's top-
earning occupations in this category are computer network architects (USD 50.25 median hourly wage),

computer and information research scientists (USD 46.54), software developers (USD 43.01), and

information security analysts (USD 42.45) (Bureau of Labor Statistics, 2020).

FIGURE 16: COMPUTER AND MATHEMATICS WAGE ANALYSIS BY OCCUPATION, 2019
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From 2010 to 2018, Michigan’s computer and mathematics employment increased year-over-year.
However, from 2018 to 2019, this occupational category saw a year-over-year decline of 1.2 percent
(Bureau of Labor Statistics, 2020). Please refer to Figure 17 below for the complete historical trend of

the group.
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FIGURE 17: COMPUTER AND MATHEMATICS EMPLOYMENT, 2010 TO 2019
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2.3.3 Construction and Extraction
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The construction and extraction category contains five minor groups, including Supervisors of

Construction and Extraction Workers; Construction Trade Workers; Helpers, Construction Trades; Other

Construction and Related Workers; and Extraction Workers. Occupations within these subgroups include

First-Line Supervisors of Construction Trades and Extraction Workers, Construction Laborers, Helpers-

Electricians, Highway Maintenance Workers, and Surface Mining Machine Operators and Earth Drillers.

In 2019, the largest construction and extraction occupations in the United States and Michigan were
construction laborers and helpers (1,020,350 US employment/25,750 MI employment), followed by
construction equipment operators (455,050/8,300), plumbers, pipefitters, and steamfitters
(442,870/12,180), and masonry workers (299,490/8,220) (Bureau of Labor Statistics, 2020). Every top

construction and extraction occupation in Michigan saw year-over-year growth. Masonry workers’ year-

over-year employment change was the most significant out of all the top occupations (an increase of

10.3 percent) (Bureau of Labor Statistics, 2020). Please see Table 4 below for more details.
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Table 4:Top Construction and Extraction Occupations In Michigan, 2019

Top Occupations MI Employment (2019) YOY Percent Change
Construction Laborers and Helpers 25,750 5.1%

Plumbers, Pipefitters, and Steamfitters 12,180 1.9%

Construction Equipment Operators 8,300 5.5%

Masonry Workers 8,220 10.3%

Source: U.S. Department of Labor, Bureau of Labor Statistics

The highest paying construction and extraction jobs in 2019 in the United States are construction and
building inspectors (USD 29.19 median hourly wage), followed by plumbers, pipefitters, and steamfitters
(USD 26.52); ironworkers (USD 25.03); and sheet metal workers (USD 24.23) (Bureau of Labor Statistics,
2020). However, Michigan’s top-earning occupations in this category are plumbers, pipefitters, and
steamfitters (USD 31.61 median hourly wage), which is significantly higher than the U.S. median wage
for this occupation.

FIGURE 18: CONSTRUCTION AND EXTRACTION WAGE ANALYSIS By OCCUPATION, 2019
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Michigan’s construction and extraction employment peaked in 2019 at 66,650. This occupation category
saw a year-over-year increase of 5.5 percent (Bureau of Labor Statistics, 2020). Please refer to Figure 19
below for the complete historical trend of the group.
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FIGURE 19: CONSTRUCTION AND EXTRACTION EMPLOYMENT, 2010 10 2019
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2.3.4 Life, Physical, and Social Science

The life, physical, and social science category has five subgroups, including Life Scientists; Physical
Scientists; Social Scientists and Related Workers; Life, Physical, and Social Science Technicians; and

Occupational Health and Safety Specialists and Technicians. Occupations within these subgroups include

Material Scientists, Environmental Scientists and Geoscientists, Urban and Regional Planners,
Geographers, and Chemical Technicians.

In 2019, the largest occupations in the United States and Michigan within this category were
environmental scientists and specialists (84,290 US employment/3,030 Ml employment), followed by
urban and regional planners (38,560/870), environmental science and protection technicians
(32,620/670), and survey researchers (9,930/200) (Bureau of Labor Statistics, 2020). Michigan saw a
year-over-year percent decline in three out of four of the largest life, physical, and social science
occupations. These occupations are urban and regional planners (declined by 9.4 percent),
environmental science and protection technicians (decreased by 5.6 percent), and survey researchers

(declined by 16.7 percent) (Bureau of Labor Statistics, 2020). Please see Table 5 below for more details.
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TABLE 5: TOP LIFE, PHYSICAL, AND SOCIAL SCIENCE OCCUPATIONS IN MICHIGAN, 2019

Ml
. YOY Percent

Top Occupations Employment

Change

(2019)

Environmental Scientists and Specialists 3,030 9.0%
Urban and Regional Planners 870 -9.4%
Environmental Science and Protection Technicians 670 -5.6%
Survey Researchers 200 -16.7%

Source: U.S. Department of Labor, Bureau of Labor Statistics

The highest paying life, physical, and social science jobs in 2019 in the United States were geographers
(USD 39.20 median hourly wage), urban and regional planners (USD 35.75), environmental scientists and
specialists (USD 34.31), and survey researchers (USD 28.45). Michigan’s top-earning occupations in this
category were urban and regional planners (USD 32.65 median hourly wage), environmental scientists
and specialists (USD 31.14), survey researchers (USD 29.17), and geological and petroleum technicians
(USD 24.97) (Bureau of Labor Statistics, 2020).

FIGURE 20: LIFE, PHYSICAL, AND SOCIAL SCIENCE WAGE ANALYSIS BY OCCUPATION, 2019
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Michigan’s life, physical, and social science employment peaked in 2015 at 4,940. In 2019 Michigan's
share of U.S. employment reached nearly 3 percent—the highest percentage share since before 2010
(Bureau of Labor Statistics, 2020). Please refer to Figure 21 below for the complete historical trend of

the group.

FIGURE 21: LIFE, PHYSICAL, AND SOCIAL SCIENCE EMPLOYMENT, 2010 10 2019
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2.3.5 Management

The management category has four subgroups, including Top Executives; Advertising, Marketing,
Promotions, Public Relations, and Sales Managers; Operations Specialties Managers; and Other
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Management Occupations. Occupations within these subgroups include Chief Executives, Computer and

Information Systems Managers, Construction Managers, and Architectural and Engineering Managers.

In 2019, the largest occupations in the United States and Michigan within this category were computer

and information systems managers (433,960 U.S. employment/10,220 Ml employment), followed by

construction managers (293,380/5,090), and architectural and engineering managers (194,250/11,410)

(Bureau of Labor Statistics, 2020). Michigan saw a year-over-year percent increase across all of the
largest occupations under the management category. These occupations are architectural and
engineering managers (increased by 9.1 percent), computer and information systems managers
(increased by 7.8 percent), and construction managers (increased by 17.3 percent) (Bureau of Labor

Statistics, 2020). Please see Table 6 below for more details.
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TABLE 6: TOP MANAGEMENT OCCUPATIONS IN MICHIGAN, 2019

Ml YOY
Top Occupations Employment Percent
(2019) Change
Architectural and Engineering Managers 11,410 9.1%
Computer and Information Systems Managers 10,220 7.8%
Construction Managers 5,090 17.3%

Source: U.S. Department of Labor, Bureau of Labor Statistics

The highest paying management jobs in 2019 in the United States were computer and information
systems managers (USD 70.37 median hourly wage), architectural and engineering managers (USD
69.63), and construction managers (USD 45.80). Michigan’s top-earning occupations in this category
were architectural and engineering managers (USD 62.89 median hourly wage), computer and
information systems managers (USD 59.30), and construction managers (USD 46.48) (Bureau of Labor
Statistics, 2020).

FIGURE 22: MANAGEMENT WAGE ANALYSIS BY OCCUPATION, 2019
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Michigan’s management employment increased year-over-year from 2010 to 2019, with a slight dip in
2016. Michigan’s share of U.S. employment peaked at 3.2 percent in 2015 and has declined to 2.9
percent in 2019 (Bureau of Labor Statistics, 2020). Please refer to Figure 23 below for the complete
historical trend of the group.
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FIGURE 23: MANAGEMENT EMPLOYMENT, 2010 T0 2019
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2.4 Michigan’s Educational and Training Programs

2.4.1 Current Academic Programs and Resources

Michigan has over 45 academic institutions that offer educational programs that fall under the
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transportation-related infrastructure sector. CAR researchers organized the relevant academic programs

at Michigan institutions into six different categories, including Architecture and Engineering, Computer

and Mathematics, Construction and Extraction, Life, Physical, and Social Science, Management, and

Robotics/Automated Technology. These classifications are based on the Bureau of Labor Statistics’ 2018

version of the Standard Occupational Classification (SOC) system (Bureau of Labor Statistics, 2020).

As shown in Figure 24 below, certificates and minor programs capture the largest share (nearly 34
percent) of transportation-related infrastructure offerings at Michigan academic institutions, followed
by undergraduate degrees (29 percent), associate programs (20 percent), and graduate programs (14

percent).
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FIGURE 24: ACADEMIC PROGRAMS IN THE TRANSPORTATION-RELATED INFRASTRUCTURE SECTOR BY
PROGRAM LEVEL, APRIL 2020
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The following section highlights the academic institutions with the most substantial program offerings

under the construction and operation of the transportation-related infrastructure sector. The three

schools with the largest number of programs in the transportation-related infrastructure sector are

Eastern Michigan University (56), Washtenaw Community College (45), and Ferris State University (43).

2.4.2 Certificate Programs

Eastern Michigan University (22), Washtenaw Community College (22), and Lansing Community College

(21) are the three schools with the highest number of certificate programs? in the transportation sector.

Eastern Michigan University & Washtenaw Community College both lead in the number of
certificate programs offered for the transportation-related sector. Eastern Michigan University’s
certificate programs fall into architecture and engineering, computer and mathematics,
construction and extraction, life, physical, and social science, and management disciplines.
Examples of certificates offered include Transportation Planning and Modeling, Geographic
Information Systems, and Sustainable Construction.

Washtenaw Community College’s certificate programs fall into architecture and engineering,
computer and mathematics, construction and extraction, and management disciplines. The
majority of the certificates at Washtenaw Community College evaluated for this study fall into
the computer and mathematics category, including programs such as Automotive Cybersecurity,
Applied Data Science, and Foundations of Information Systems.

Lansing Community College offers 21 certificate programs in this sector, only slightly behind
Eastern Michigan University and Washtenaw Community College. Lansing Community College’s
certificate programs fall into the following disciplines: architecture and engineering, computer

3 Note that Minor programs at academic institutions are included in this classification of “certificates.”
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and mathematics, construction and extraction, life, physical, and social science, management,
and robotics/automated technology. Program offerings include Geospatial Science, Construction
Management, Computer Security and Controls, and Mechanical Systems.

2.4.3 Associate Degrees

Throughout Michigan, nearly 20 percent of transportation-related infrastructure educational programs

offered at schools are associate-level degree programs. Washtenaw Community College (21), Muskegon

Community College (14), Lansing Community College (13), and Macomb Community College (13) offer

the most associate-level degree programs in this industry.

Washtenaw Community College offers the highest number of associate-level degree programs
(21), which lie within the following disciplines architecture and engineering, computer and
mathematics, construction and extraction, life, physical, and social science, and management.
Degrees include Construction Technology, Computer Systems and Networking, and
Cybersecurity.

Muskegon Community College offers 14 associate degree programs in the transportation-
related infrastructure sector. These programs fall into the following disciplines architecture and
engineering, computer and mathematics, and management. Examples of the degree programs
offered include Management, Software Development, and Engineering Technology.

Lansing Community College & Macomb Community College both offer 13 associate degree
programs in this sector. Lansing Community College’s programs fall into architecture and
engineering, computer and mathematics, construction and extraction, life, physical, and social
science, and management disciplines offering programs such as Civil Technology, Computer
Networking, and Cybersecurity, and Building Construction.

Macomb Community College associate-level programs fall into architecture and engineering,
computer and mathematics, construction and extraction, and management, including
Construction Management and Applied Technology and Apprenticeship.

2.4.4  Undergraduate Degrees

Nearly 30 percent of the total transportation-related infrastructure programs in Michigan are

undergraduate degrees. The schools with the largest number of undergrad programs offered are Eastern

Michigan University (21), Michigan Technological University (17), Ferris State University (14), and

Lawrence Technological University (14).

Eastern Michigan University is the academic institution with the most undergraduate offerings
in the transportation-related infrastructure sector. This university offers over 20 undergrad
programs in architecture and engineering, computer and mathematics, life, physical, and social
science, and management. Examples of programs offered include Geospatial Information
Science and Technology, Urban and Regional Planning, and Computer Engineering Technology.
Michigan Technological University offers 17 undergraduate programs within the following
disciplines: architecture and engineering, computer and mathematics, construction and
extraction, and management. Examples of these degrees are Computer Network and System
Administration, Computer Science, Cybersecurity, and Engineering Management.
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o Ferris State University & Lawrence Technological University both offer 14 undergraduate
degrees in this sector. Ferris State University’s programs fall into architecture and engineering,
computer and mathematics, construction and extraction, and management disciplines. In
contrast, Lawrence Technological University’s programs lie within architecture and engineering,
computer and mathematics, construction and extraction, and robotics/automated technology.

2.4.5 Graduate Degrees

The University of Michigan, University of Detroit Mercy, and Wayne State University are the three
academic institutions with the highest share of graduate programs offered in this industry.

e The University of Michigan, University of Detroit Mercy, & Wayne State University all offer the
largest share (13 degrees) of recognized graduate programs for this study. Most of the
University of Michigan’s graduate programs fall into the architecture, and engineering discipline
programs include Computer Science and Engineering, Electrical and Computer Engineering, and
Construction Engineering and Management. The majority of the University of Detroit Mercy’s
graduate programs fall under the computer and mathematics discipline. The school offers
degrees in Intelligence Analysis, Information Assurance (Cybersecurity), and Software
Engineering. Like the University of Michigan, most Wayne State University’s graduate programs
fall into the architecture and engineering field. Programs offered include Civil Engineering,
Environmental and Sustainability Engineering, and Engineering Management.

Michigan’s educational strengths in this industry focus on preparing the future workforce in the fields of
computer and information technology (42 percent) and architecture and engineering (33 percent).
Please see Figure 25 below for the complete breakdown of educational programs by occupational
category for more detail.

FIGURE 25: MICHIGAN EDUCATIONAL PROGRAMS BY OCCUPATIONAL CATEGORY, APRIL 2020
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2.4.6 Challenges and Opportunities

Throughout conversations with academic institutions, several challenges and opportunities surfaced.

The following section highlights some of the most salient points.

Challenges:

Keeping up with the pace of technology and finding qualified teachers/professors to teach
courses: Throughout several interviews, academic representatives mentioned the struggle to
keep educational resources on pace with technological advancement in the industry. To aid in
this gap, the industry could require senior staff to conduct community service at local
universities to teach a lesson or class to students providing real-world context and expertise.
Prioritizing the skills/job demands of the industry: Academic institutions struggle to prioritize
the needs of the industry. To support the development of the workforce, communication to
these educators on the organization’s ten-year workforce development goal can provide
educators with a plan to prepare the appropriate curriculum needs for students.

Low student interest in the construction and operation sector: Schools would like support from
the industry on branding programs and engaging young students for careers in the construction
and operations sector.

Opportunities:

Continued education advancement: Educational institutions can support the ITS sector's steady
progress by updating courses and educating the current and future workforce. The following
topics were mentioned as part of upcoming programs: information infrastructure, 5G, cellular,
sensors, software development, cybersecurity, 3D printing, and virtual reality (VR).
Development of an advisory board or center: Some academic institutions have developed
internal centers to spur new curriculum in the transportation infrastructure industry.

Increased collaboration to support the growth of apprenticeship/internship programs: Schools
would like to increase apprenticeship/internship opportunities for their students and develop
more focused programs between academia and industry. Such programs allow students to earn
a wage while developing the necessary skills needed for employment.

Knowledge sharing with key stakeholders: Respondents suggested roundtable events to discuss
current research findings and provide a space to network with others in the industry to share
knowledge and materials to advance the overall sector.

2.5 MDOT Organizational Analysis

CAR analyzed MDOT'’s current organizational structure and reviewed the technical expertise needed to

provide recommendations to MDOT regarding potential organizational changes needed to

accommodate emerging technology in the operations and construction of the transportation-related

infrastructure industry.

2.5.1 MDOT’s Current Organizational Structure

MDOT is responsible for the state’s highway system. It also administers state and federal transportation

programs for aviation, intercity passenger services, rail freight, and public transit services (Michigan
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Department of Transportation, 2020). The organization comprises several offices and bureaus that

report to the department’s Director. The offices highlighted below are the ones that can benefit the

most from the findings of this study.

FIGURE 26: MDOT CURRENT ORGANIZATIONAL CHART, 2020
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Organization’s Overall Mission

MDOT’s primary mission is to provide the highest quality of transportation services for economic benefit
and improved quality of life in the state of Michigan (Michigan Department of Transportation). To
accomplish its mission, MDOT has prioritized becoming a progressive and innovative agency, and the
agency’s values include:

e Quality — Achieving the best results within given resources

e Teamwork — The active involvement and cooperation of its people

e Customer Orientation — Knowing and understanding their customers
e Integrity — Doing the right thing

e Pride — In the organization and importance of its work

Occupation Analysis

Currently, MDOT is looking to fill nine positions across Michigan; four of these positions fall within this
project's scope of work. These positions include:
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e Transportation Technician: The transportation technician’s role is to assist construction
engineers with numerous duties such as administration, oversight of projects, providing data
management, and project documentation (Michigan Department of Transportation, 2020).

e Transportation Engineer: This position serves as the traffic and safety engineer. Responsibilities
include project coordination, conflict resolution, and continued customer engagement. Other
duties include preparing items to address traffic maintenance on construction projects,
reviewing traffic and safety items for prospective projects, reviewing information related to
traffic and safety for inclusion in upcoming plans, and reviewing public concerns (Michigan
Department of Transportation, 2020).

e Project Operations Coordinator: The project operations coordinator is responsible for utility
coordination and permits for the Gordie Howe International Bridge. This position will also assist
the project management team during the construction phase (Michigan Department of
Transportation, 2020).

e Engineering Manager (Construction Engineer): This position coordinates and administers
construction operations processes while maintaining alignment with other regions. Candidates
are required to practice and promote accountability, collaboration, clarity, continued learning,
and flexibility to perform this job effectively (Michigan Department of Transportation, 2020).

In addition to current postings at MDOT'’s organization, researchers also gathered a list of hard-to-fill
positions from MDOT stakeholders to review what types of skills have been difficult to hire. These
positions include Auditors, Electricians, Financial Analysts, Fixed Wing Pilot, Heavy Equipment
Operators, Surveyors, Technicians (Civil), Transportation Engineers (Bridges), and Transportation
Technicians (GIS).

2.5.2 Workforce Planning, Training Programs, and Partnerships

MDOT has a workforce and succession planning system, also known as “The House.” The House
supports the development of the organization’s current workforce. This system has five pillars:
leadership standards of excellence, role assessment model, talent review process, knowledge
management system, and employee life cycle.

Workforce Planning

MDOT leaders are to respect the leadership standards of excellence. The standards recognized in this
system are to ensure positive outcomes, put people first, maintain professional excellence, exhibit
character, and integrity, and be a visionary. Leaders should maintain these standards of excellence while
representing their departments.

The purpose of the role assessment model is to plan for future succession needs. Using this model,
managers can develop strategies to recruit, train, and share knowledge across teams on an as-needed
basis.

Throughout the year, leaders conduct talent reviews of their internal teams. During this process, leaders
have the opportunity to identify ways to strengthen and develop their teams through conversation,
consistency, and calibration.
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The knowledge management system supports capturing, sharing, and applying information across
multiple entities within MDOT. Ensuring intellectual capital is available to all MDOT employees.

The final pillar of this system is the employee life cycle. This cycle supports employees throughout each
phase of their careers throughout employment, including onboarding, performance management, and
learning and development.

Furthermore, MDOT leaders are developing a 5-year plan to evaluate and improve the organization's
current workforce programs and recruitment strategy. This strategy will provide structure to existing
programs through quality metrics and transparency on results through annual reports. The Workforce
Programs and Recruitment Unit within the Office of Organizational Development will lead this effort
(with assistance and coordination of others within the department) through three main tasks. First, the
team will evaluate and improve current recruitment, internal communications, etc., while keeping
diversity and inclusion at the forefront. Second, the team will assess and measure current talent pipeline
efforts in a quantitative framework. Lastly, this unit will lead the final strategy implementation and
coordinate with various departments, ensuring a smooth distribution across the organization (MDOT,
2020).

Training Programs

MDOT offers numerous educational programs for students. The following are a few applications within
the organization to educate and develop the future transportation construction workforce.

e MDOT offers internship opportunities for undergraduate and graduate students interested in
construction-related careers, including civil engineers and construction managers. This program
allows students to gain work experience, develop a professional network, and integrate work
experience with academic knowledge (Michigan Department of Transportation, 2020).

e The Youth Development and Mentoring Program’s (YDMP) purpose is to prepare a diverse
workforce for the future. This program educates high school students and recent high school
graduates on careers in civil engineering, road construction, maintenance, planning, and other
transportation career opportunities (Michigan Department of Transportation, 2020).

e The Transportation and Civil Engineering (TRAC) Program, created by the American Association
of State Highway Transportation Officials, aims to generate awareness of transportation careers
among middle and high school students. The TRAC program provides teachers with a free
curriculum and hands-on tools for their classrooms (Michigan Department of Transportation,
2020).

Partnerships

In addition to the workforce development strategy and internal training conducted at MDOT’s
organization, the agency has numerous partnerships with other associations, companies, and academia.
The following section highlights several examples of MDOT’s current partnerships.

e Michigan Construction’s mission focuses on connecting individuals with construction jobs at
construction companies within Michigan. MDOT is part of Michigan Construction’s partner
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companies. This partnership includes promoting and marketing currently available positions
within MDOT’s organization (Michigan Construction, 2020).

In 2020, MDOT partnered with The Henry Ford for National Engineer Week from 16-22
February. MDOT sponsored the event and hosted an activity for students to build and test their
bridges with MDOT engineers. This event supports raising awareness and educating students on
future career opportunities in engineering (The Henry Ford, 2020).

MDOT requires its technicians to conduct field density tests to obtain and maintain certification
through a program conducted or approved by the MDOT Geotechnical Services Section, Density
Technology unit. With support from Lawrence Technological University, MDOT staff teach
students a Density Control Training and Certification program to acquire/maintain this
requirement (Lawrence Technological University, 2020).

MDOT requires its welders to be certified. The organization partners with numerous academic
institutions to conduct welder certification testing through the MDOT Welder Certificate
Program. Examples of schools in this partnership include Ferris State University, Lansing
Community College, and Monroe Community College.

2.5.3 Technical Expertise Needed

After gathering the data for the transportation infrastructure industry in Michigan and MDOT’s current

organizational structure, the next step was to identify what technical expertise is needed within the

organization.

Identify Expertise Gaps

MDOT needs are very similar to the skill needs of the overall industry. According to the results of this

research, MDOT'’s expertise gaps fall into three different groupings: skilled trades, transportation needs,

and financial needs.

FIGURE 27: SKILLED TRADE OCCUPATIONS IN DEMAND, 2020
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FIGURE 28: TRANSPORTATION OCCUPATIONS IN DEMAND, 2020
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FIGURE 29: FINANCIAL OCCUPATIONS IN DEMAND, 2020
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Skills Gap

According to the current job postings, the top skills needed at MDOT include data analytics and
management. Similar to the overall industry, MDOT skill demands fall under both technical and soft

skills.

Data: The use of data across organizations in numerous industries is becoming more prevalent.
Companies are exploring ways to incorporate artificial intelligence to improve current
operations. According to Udemy’s 2020 Workplace Learning Trends Report, data analytics and Al
will continue to surface over the next decade to support workers’ needs (Udemy for Business,
2020). There’s been a considerable shift toward data science skillsets over the past several
years. Not surprisingly, this category of skill sets was the most popular in 2020 (Pate, 2020)
Management: The next identified skill need is management. This category includes everything
from managing people to financial resources, products and projects, operations, and more. At
MDOT, there is a need for greater project management skills for employees to coordinate
multiple time schedules of different construction projects, ensuring a successful outcome.
Similar to the overall industry, management is a needed soft skill.
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2.6 Best Practices Review

With the current shift of the transportation industry toward intelligent transportation systems and
connected and automated vehicles and the baby boomer generation's retirement from the
transportation infrastructure construction and operation jobs, transportation agencies will increasingly
need to plan for recruiting, developing, training, and retraining high-tech workers.

CAR’s findings indicate that most state DOTs have some types of training programs such as on-the-job
training, certificates, continuing education, and young professional education. However, many of these
DOT’s do not focus on training their workforce on the new technologies highlighted in this research
effort. The main areas on which state DOTs are focused are traditional roadway engineering, safety, and
technical equipment instruction (Puentes, Grossman, Eby, & Bond, 2019).

Also, CAR’s research highlights that transportation agencies across the country are well aware of the
necessity and value of effective workforce development programs. However, numerous challenges often
slow down these programs, including limited funding, limited communication on existing and future
inter-department skill needs, and difficulties in coordinating the internal and external partners' training
efforts.

Given the organizational structure of state DOTs, workforce development programs vary considerably.
Some DOTs, like Montana and Colorado, rely primarily on their partnerships with universities. At the
same time, Michigan has an active in-house workforce development program that covers both inter-
department training and partnerships with local community colleges and universities.

Here is a summary of CAR’s findings on the state DOTSs that have noteworthy training programs:

2.6.1 Colorado Department of Transportation

The Colorado Department of Transportation, in partnership with Montana DOT and Front Range
Community College, has developed the “first-in-the-nation” Associate of Applied Science (AAS) in
Highway Maintenance Management degree program. This program mainly focuses on preparing the
DOT workers for leadership positions in highway maintenance management at different industry levels.
During four semesters of study, students learn about various skills such as leadership, project
management, highway maintenance & operations safety, traffic control, highway asset management,
pavement preservation, and human relations in organizations (Front Range Community College, 2020).

2.6.2 Ohio Department of Transportation

Within the Ohio Department of Transportation (ODOT), the Office of Employee Development and Lean is
responsible for ODOT’s employee required training, HR, workforce planning, and union training. This
office offers internal training programs to ODOT employees in the following programs (Ohio DOT, 2020):

e County Management Training

e Heavy Equipment Training

e Leadership Development Program

e Mechanics, Auto Techs, and Auto Body Workers Training
e E-learning
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e Highway Technician Academy
e Management Development Program
e Personal and Professional Development Training

Using some of the resources and courses developed by FHWA and the American Association of State
Highway and Transportation Officials (AASHTO), the ODOT Office of Local Programs manages a portfolio
of courses and training programs offered to local governments. Some of the unique offerings include
(Ohio DOT, 2020):

e GPS technology

e Introduction to GIS mapping

e Math basics

o Simplified highway forecasting toll training (SHIFT)

e Slab stabilization and slab jacking

e Unoccupied aircraft systems (UAS) awareness course

The courses and programs are being offered in in-person classes, online, and also webinars.

2.6.3 Oregon Department of Transportation

The Oregon Technology Transfer Center (T2 Center) of the Oregon Department of Transportation is
responsible for offering training, technical assistance, and technology transfer to local transportation
agencies. The Federal Highway Administration jointly funds this center through the Local Technical
Assistance Program (LTAP), Oregon's counties and cities, and the Oregon Department of Transportation.
The T2 center’s activities include:

e “Provide low-cost seminars, training classes, and workshops

e Publish a newsletter

e Provide a Circuit Rider service, taking video programs and informational materials to local
agencies

e Provide a video lending library on a variety of transportation topics

e Provide copies of technical bulletins or reports upon request

e Respond to inquiries from local agencies by providing technical resources or making a referral to
a specialist” (Oregon DOT, 2020)

The T2 Center also administers the local agencies’ staff access to the LTAP resources available online.
Other DOTs and the FWHA mostly offered the online LTAP courses; thus, the T2 center does not host or
sponsor these courses. Some of the LTAP’s courses available through the LTAP include:

e UAS Awareness Course (offered by Ohio LTAP)

e Alternative Interchange and Intersection Design (offered by Virginia LTAP)

e Building Intelligence for Next Generation Traffic Management (offered by lowa LTAP)

e A local Agency Perspective on Automated Traffic Signal Performance Measures (offered by lowa
LTAP)

e Improving Work Zone Safety: Temporary Rumble Strips, Smart Arrow Boards, and Other
Connected Traffic Control Device (TCD) Technologies (offered by lowa LTAP)
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e  Working with Heated Pavements: Recent Technical Advances (offered by lowa LTAP)

“Oregon law (ORS 184.866) requires the Oregon ODOT to expend one-half of one percent, up to an
amount of USD2.1 million, of the federal funds received each biennium by ODOT according to 23 U.S.C.
140(b), to increase diversity in the highway construction workforce and prepare those interested in
entering the highway construction workforce.” (Oregon DOT& Oregon Bureau of Labor & Industries,
2018) To comply with ORS 184.866, Oregon DOT has developed the Highway Construction Workforce
Development Program. The goal of this program is to build a skilled and diverse construction workforce
for the Oregon DOT. Oregon DOT partners with the Oregon Bureau of Labor and Industries and local
educational institutions to achieve this goal. Over the years, these programs have offered numerous
training and apprenticeship opportunities to Oregon’s students and residents who are willing to pursue
a career in highway construction. Some of these programs include (Oregon DOT & Oregon Bureau of
Labor & Industries, 2017)

e Construction Career Camps
o “Building Girls” Career Camps in Portland
o Constructing Hope and Northwest College of Construction Career Camp
o Phoenix Charter School
o Baker School District
e Career/Trade Fairs
e Pre-Apprenticeship Graduates Entering Apprenticeship
o Oregon Tradeswomen Inc. and Pre-Apprenticeship Training
o Portland Youth builders
e University of North Carolina - Supervisor Training

2.6.4 Tennessee Department of Transportation

The Human Resources Division manages many workforce training and development programs for the
Tennessee Department of Transportation (TDOT). Some of these programs include:

e TDOT Summer Internship Program: TDOT offers 12-weeks paid summer internship to college

students or recent graduates who are interested in gaining experience in areas such as
aeronautics, business administration, civil engineering, construction management,
environmental science, urban planning and development, and training (Tennessee Department
of Transportation, 2020).

e Graduate Transportation Associate (GTA) Program: Through a partnership program with
Lipscomb University, TDOT offers professional development training to entry-level civil
engineers to get experience in different areas of transportation infrastructure operation,

construction, and management. After passing the training phase, GTA grads will go into a one-
year probation period. Successful candidates will get promotions, switch to higher-level jobs,
and receive a salary increase. Construction, maintenance, materials and tests, right-of-way-
utilities, roadway design, structures-bridge inspection, survey, traffic, environment are the main
focus areas of the GTA program (Tennessee Department of Transportation, 2020).

o TDOT Transportation and Civil Engineering (TRAC): provides teacher training sessions and
supplies to middle and high school teachers (grades 6-12) and students across Tennessee. The
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program has three modules: Design and Construction, Magnetic Levitation, Bridge Builder. TDOT
provides equipment, software, and supplies needed for each module to the teachers and
students. TDOT has adopted this program from AASHTO in 2016. AASHTO established the
original TRAC program in 1993 to increase the career interest in civil engineering in high school
students (Tennessee Department of Transportation, 2020).

e TDOT Learning and Development: TDOT Learning and Development hosts HR-related training in
four regions in addition to the headquarter location. Training programs are focused on:
employee onboarding and professional development, performance management, leadership,
principles, and practice of engineering (PE) exam, fundamentals of engineering exam, employee
assistance program (EAP).

e TDOT Education: TDOT supports employees who are willing to continue their education.
Interested employees will be introduced to the Tennessee Reconnect Grant and provided with a
list of programs in which tuition is either waived or discounted.

In addition to the programs mentioned above, some of the departments within TDOT offer technical
training programs related to their areas of expertise. For example, the Office of Field Operations
provides hot mix asphalt certification, concrete technician certification, and radiation safety/nuclear
gauge technician certification.

TDOT has been transparent about the available training programs and resources. The department has
made most of the relevant information available and accessible on its website. In some cases, the
information is accompanied by some simple, short, and easy-to-understand videos on accessing the

resources.

FIGURE 30 HOw-TO VIDEOS ON TDOT WEBSITE

Source: TDOT

2.6.5 Virginia Department of Transportation

Like the other DOTs across the country, the Virginia Department of Transportation (VDOT) is also
concerned about its retiring and experienced workforce. To meet the upcoming expertise demand, the
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Department has designed various programs to increase training resources and opportunities for current
and future DOT workers, including:

National Summer Transportation Institute

The National Summer Transportation Institute (NSTIP) is sponsored by the Virginia Department of
Transportation, Federal Highway Administration, Hampton University, and Virginia State University.

Northern Virginia Transportation Career Fair

Each year VDOT host a career fair in which high school students attend and learn about transportation-
related career opportunities. Alongside VDOT, colleges and universities such as the University of
Virginia, Virginia Tech, and Northern Virginia also attend the event and present students with
transportation-related programs. In addition, engineering and consulting firms, agencies, and
organizations also attend this event to inspire students to consider transportation-related career
pathways in the future.

Veterans Internship Program

In 2006, VDOT launched the Veterans Internship Program (VIP). The VIP aims to assist veterans in
enhancing their skills and applying them in transportation-related roles. VDOT was the first
transportation department to create a program of this type and has served as a model for other states
to follow. (VDOT, 2019)

Veterans are placed in VDOT divisions by request and feature areas including:

FIGURE 31. VDOT VETERANS INTERNSHIP CLASSROOM

e Planning program
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e Inspection

e Security

e Procurement
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e Information systems

e Construction

e Environmental compliance ( (VDOT, 2019)

Source: VDOT (2019)
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Task 3: Technology-Enabled Workforce Strategic Plan

Providing strategic recommendations for preparing MDOT’s current and future workforce for new
transportation technologies requires analyzing MDOT's existing strategies related to the new
transportation technologies. The following section provides an overview of the organization's existing
strategic plans, followed by results from staff engagement through a survey. Based on the previous
section's findings, the research team has provided a SWOT analysis of the MDOT workforce and a set of
recommendations to prepare a technology-enabled workforce.

3.1 Review of MDOT Existing Strategic Plans

In a thorough analysis, the CAR team reviewed MDOT's existing strategic plan focusing on identifying the
critical strategies for workforce development.

3.1.1 MDOT Department-wide Strategic Plan
The MDOT department-wide Strategic Plan was prepared in 2017 and outlined MDOT's strategic
pathway as follows:

MDOT Miission:

"Providing the highest quality integrated transportation services for economic benefit and improved
quality of life."

MDOT Vision:

"MDOT will be recognized as a progressive and innovative agency with an exceptional workforce that
inspires public confidence." (MDOT, 2017)

MDOT Values:

e Quality: Achieving our best within our resources.

o Teamwork: Effective involvement of people.

e Customer Orientation: Knowing our customers and understanding their needs.
e Integrity: Doing the right thing.

e Pride: In MDOT and the importance of our work.

Further in the document and through the big-picture strategies section, MDOT emphasizes innovations,
cost-efficiency, sustainability, and workforce planning. MDOT leadership sees workforce planning as an
opportunity to improve organizational performance, focusing on customer service. With a forward-
looking approach, the department seeks strategies focused on valuing, engaging, and empowering
MDOT employees.
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FIGURE 32. MDOT WORKFORCE STRATEGIC FOCUS
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Source: MDOT

3.1.2 MDOT Transportation Systems Management and Operations (TSMO)
Implementation and Strategic Plan

Through the TSMO* program, MDOT sees an opportunity to use technology to optimize existing

multimodal infrastructure performance. This document outlines the mission and vision as follows:
MDOT TSMO Program Mission

“Operate and manage an optimized, integrated transportation network by delivering high-quality
services for safe and reliable mobility for all users

MDOT TSMO Program Vision

e Integrate Operations as a core MDOT program united with the execution of MDOT's overall
mission.

e Inspire public confidence as a progressive and innovative national leader in the management
and operations of our transportation system.

e Collaborate across program areas, leveraging technology and resources to achieve the best
possible results.

4 “Transportation Systems Management and Operations (TSMO) is an integrated program to optimize the performance of existing multimodal infrastructure by
implementing systems, services, and projects to maximize capacity and improve the security, safety, and reliability of the transportation system. MDOT employs
TSMO strategies and solutions to provide more efficient use of existing transportation resources by implementing strategies, deploying technologies, and

integrating systems to address freeway and arterial congestion, improve safety and mobility, and encourage sustainability (Cambridge Systematics, 2018).”
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e Maintain a sustainable and engaged operations workforce with exceptional knowledge, skills,
and abilities” (Cambridge Systematics, 2018).

As stated above, the TSMO plan envisions the TSMO program's success by developing a highly skilled
and knowledgeable workforce as one of the critical areas. And later in the document, the plan outlines
seven major focus areas in which the importance of emerging technologies and a resourceful workforce
is highlighted.

TSMO Program Seven Focus Areas:

e Evaluate and streamline information technology processes

e Integrate operations across all business areas

e Integrate the operations of intelligent transportation systems (its) and signals
e Adapt processes, products, and training to advances in technology

e Enhance communications and outreach to external and internal stakeholders
e Prioritize resources to meet critical emerging needs

e Drive progress with meaningful performance measures

3.1.3 MDOT Connected and Automated Vehicle Strategic Plan

As the home for the home to the U.S. automotive industry, the State of Michigan and the Michigan
Department of Transportation (MDOT) have put lots of effort into establishing and maintaining its
position as a leader in Connected and Automated Vehicle (CAV) and Intelligent Transportation Systems
(ITS) technologies. As part of that effort, in 2017, MDOT published a CAV Strategic Plan, which is aimed
at "encompassing the department's initiative to support and implement emerging transportation
technologies." (WSP U.S.A, 2017)

As a subsequent effort to the TSMO Strategic plan, the CAV Strategic Plan outlines the department's
mission and vision concerning emerging CAV technologies as follows:

MDOT CAV Mission:

MDOT will work to ensure Michigan remains the national leader in the evolution of CAV technologies to
deliver enhanced transportation safety and reliability, providing economic benefits and improved quality
of life.

MDOT CAYV Vision

MDOT's CAV Program will be recognized as a progressive and innovative leader, driving national efforts
to explore and implement emerging mobility technology

To achieve and maintain the envisioned innovative leadership position, MDOT needs to invest in
emerging transportation technologies and a technology-enabled workforce. To guide these investments,
the CAV Strategic Plan outlines six focus areas for MDOT:

e Serve as a national model to catalyze CAV deployment
e Establish foundational systems to support wide-scale CAV deployment
e Make Michigan the go-to state for CAV research and deployment
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e Accelerate CAV Benefits to users

e Exploit mutual benefit opportunities between CAV technologies and other department business
processes and objectives

e Use Michigan experience to lead dialogue on national standards and best practices

The CAV Strategic Plan recommends that MDOT contribute to the state's industry development by
supporting industry research, testing, and education. MDOT's contribution could be in the form of
leveraging assets and human resources to support industry partners. Also, the plan highlights the
importance of MDOT playing a leadership role in developing the CAV workforce in the state. To realize
this goal, MDOT will need to assist its partners in developing curricula, providing direct training, or
supporting third-party workforce initiatives.

3.1.4 MDOT Intelligent Transportation System Strategic Plan

Another strategic plan that outlines the MDOT approach toward new technologies is the Intelligent
Transportation System (ITS) Strategic Plan®. According to the plan, the MDOT ITS program Mission and
Vision are:

Mission:

"ITS provides high quality, adaptive, and integrated transportation technology solutions that improve
safety and mobility for all users.

Vision:

Integrate MIDOT's ITS Program into all TSMO business areas and leverage both proven and emerging
transportation technologies to sustainably enhance safety, mobility, economic benefit, and support
improved quality of life". (HNTB, 2018)

As a subsequent plan to the TSMO Strategic plan, the MDOT ITS Strategic Plan relates the TSMO
strategic areas of focus to seven focus areas, as shown in Table 7.

TABLE 7. MDOT ITS STRATEGIC PLAN FOCUS AREAS

TSMO STRATEGIC AREAS OF FOCUS ITS FOCUS AREA

Evaluate and Streamline Information

— Information Technology Processes
Technology Processes

2 Intzgrate Operations across All Business Areas =+  TSMO Business Area Integration

3 Integrate the Operations of ITS and Signals - ITS/Signal Program Integration

2 Adapt Processes, Products, and Training

= . .
to Advances in Technology Emerging Technologies

Enhance Communications and Outreach
— . .
5 to External and Intemal Stakeholders Partners and Outreach

5 Prorm;e Resources to Meet Critical —  Workforce Development
Emerging Needs

Drrive Progress with Meaningful Performance

- Performance-Based Priorities
Measures

Source: HNTB

5 MDOT has recently released a new version of this strategic plan in September 2021.

©CENTER FOR AUTOMOTIVE RESEARCH & WORKFORCE INTELLIGENT NETWORK | 2021 45



The two focus areas that are most relevant to this research effort are Number 4 and 6, as described
below:

e #4 Emerging Technologies Goal: "Effectively deploy advanced transportation technologies
promptly to remain a DOT leader in emerging technologies and innovation."

e #6 Workforce Development Goal: Recruit, develop, and retain an engaged workforce that is
prepared for the rapidly changing nature of the ITS landscape.” (HNTB, 2018)

The ITS Strategic Plan envisions realizing these goals to happen through a set of actions focused on
understanding and testing emerging technologies, establishing processes to evaluate the technology's
effectiveness, and communicating the advantages of the technology to MDOT staff. Also, on the
workforce development goal, the plan recommends that MDOT expand their employee’s exposure to
ITS technologies by engaging them in projects, sending them to industry events and conferences, and
encouraging employees to develop their skill sets to work with these technologies. Another way the ITS
Strategic Plan suggests preparing the organization's future workforce is to identify current, and future
skill sets needed and work with academic partners to prepare students for a future career in ITS-related
fields.

3.1.5 MDOT Workforce Programs and Recruitment Strategy

Through the MDOT Workforce Programs and Recruitment Strategy document, the Workforce Programs
and Recruitment Unit recognizes the transportation industry's evolving nature and the rising
competition for talent. The Workforce Programs and Recruitment Strategy Development Team has
created workforce development strategies to align with the employee life-cycle (ELC) in response to
such a need. The strategies focus on the following key areas:

e  Metrics for measuring the effectiveness of workforce programs and recruitment efforts
e Identifying challenges and barriers to employment at MDOT

e Recruitment marketing strategy

e  Workforce strategies based on needs and gaps in MDOT workforce

e Mapping career pathways at MDOT

e Partnerships for enhancing recruitment at MDOT

e Importance of diversity and equal opportunities in recruitment efforts

e Importance of clear communication in defining roles and responsibilities

e Importance of industry-wide collaboration on hiring needs

The MDOT Workforce Programs and Recruitment Strategy document also highlights the department's
vision of prioritizing internal hiring to fill open positions, emphasizing continuity of engagement as a
pipeline for all positions (MDOT, 2020).

3.2 SWOT Analysis

For this strategic plan, CAR researchers conducted a SWOT analysis based on the survey findings and the
study of MDOT resources and organizational structure. The SWOT analysis's primary goal is to help
MDOT develop more robust technology-enabled workforce development strategies by considering all
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the department's areas of strength and weaknesses and the opportunities and threats it faces on its

path. Figure 33 shows a summary of the SWOT analysis.

FIGURE 33. MDOT WORKFORCE SWOT ANALYSIS
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¢ Near-retirement workforce
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Threats

* High employee turn-over rate within state DOTs
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authority, workload, work schedules, and work ethic

* Competition with private sector for talent

* High cost of technology deployment and adoption
* Limited gender and racial diversity in the field of
transportation asset construction and maintenance

/

3.3 Recommendations

Dealing with the changing dynamics of the transportation infrastructure workforce is a challenging task

for state DOTS. To be able to plan and prepare for such changes, "state DOTs need robust workforce

management strategies and guidance that can attract, train, retain, and promote the personnel needed

to construct and maintain the U.S. highway infrastructure now and into the future." (Harper, Bogus,

Kommalapati, & Choe, 2018)

Throughout this project, CAR researchers found that MDOT’s organization is among the leading DOTs

regarding developing its workforce for emerging technologies. Many of the skills needed throughout this

organization reflect similarly to the overall trend of the transportation infrastructure industry. However,

there is always room for improvement.

This section will provide MDOT with a set of recommendations to lead efforts toward high-tech

workforce preparation. CAR categorized the recommendations into five major groups: ideal core

competencies, organizational structure, recruitment, training and development, and retention

recommendations.
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3.3.1 Ideal Core Competencies

The need for technical and soft skills is a high priority for the transportation infrastructure sector. Many
technical skills listed focus on data analytics, artificial intelligence, neural networks, and cybersecurity
needs.

Many believe the advancement of Al across businesses will continue to dominate as Al applications are
vast. Preparing the workforce for this emerging technology should be a priority. The use of Al will bring
data analysts, data scientists, and others familiar with working in databases, mining data, and building
out neural networks and machine learning models.

Many organizations are also prioritizing skills such as cybersecurity. As more connectivity occurs in the
industry, cybersecurity expertise will continue to be crucial to ensure safety. According to a survey
conducted by Udemy, cybersecurity (among other technical skills) was the essential skill area for
Learning and Development leaders for training (Udemy for Business, 2020).

In addition to technical skills, many organizations highlighted the importance of workers with soft skills.
Some examples of recommended soft skills include a growth mindset, communication, and emotional
intelligence.

3.3.2 Organizational Structure

e Develop a program similar to the U.S. Chamber of Commerce’s Talent Pipeline Management
(TPM): TPM will help create a talent pipeline for an in-demand position. This method uses
supply chain management methodology and applies the same principles to talent acquisition
and development (Consumers Energy, 2017). Consumers Energy conducted one successful
example of TPM’s success in 2015 when the company identified the challenge to attract and
retain skilled electric and gas line workers. Utilizing the TPM methodology, the company
projected the occupational demands, identified competencies, expanded training partners
(specifically for electrical line workers), and obtained 100 qualified hires over two years
(Consumers Energy, 2017).

e  Conduct skills mapping for positions across MDOT: Continuous skills mapping will become
critical for workplace planning. For example, Amazon created career training paths for its
warehouse workers to support a future role as a data technician at the organization (Udemy for
Business, 2020).

3.3.3 Recruitment

e Invest time and effort to increase workforce diversity as transportation becomes more about
inclusivity and accessibility for all. The workforce should also represent minority groups,
including people who understand the unique needs and represent their communities.

e Engage in job fairs at various universities and colleges in Michigan to recruit potential
applicants and hire underrepresented minorities to promote diversity.

e Embrace the use of websites and social media for advertising and recruiting efforts to reach a
broad younger audience.

e Align and strengthen partnerships with academia to increase young students' exposure to
transportation-related fields, especially engineering and construction. Working closely with
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educators to identify the organization’s needs for the next ten years will support clear
curriculum development and provide connections between MDOT and students.

e Communicate clearly and advertise the excellent benefits offered by state employment, such
as valuable public service, stable careers, health benefits, and retirement benefits.

¢ Include a quantified value of benefits with the starting salary to be competitive with private
sector firms. In many cases, DOTs offer better benefit packages that include more incentives
and options than private firms can offer.

3.3.4 Training and Development

e Understand workforce generational differences and revise HR processes and work conditions
to reflect the younger generation's needs and preferences.

o Diversify training programs by utilizing available online resources such as FHWA's LTAP
resources. Some of the DOTSs across the country have been active in developing LTAP resources.
Using the available online training resources allows MDOT to offer training programs in multiple
fields and gives more flexibility to MDOT employees.

e Invest in education assistance programs that offer new hires and current employees skills
needed to face new technologies.

e Establish internal processes to develop talent and build additional employees' skills, such as
mentorship opportunities provided by senior staff, job rotations, and on-the-job training.

e Establish an inter-department succession planning committee that monitors prospect
retirements and potential vacant positions and can advise the department on the possible skills
and candidates who can fill the position.

o Identify the employees nearing retirement ahead of time and engage them in activities to
mentor younger employees and retain the knowledge base before their departure.

3.3.5 Retention

e  Grow a culture within the department that encourages loyalty and improves morale among
employees by emphasizing transparency and clarity of processes and communication and
feedback between staff and management.

¢ Implement an employee support program that offers work schedule flexibility, work-life
balance opportunities, on-the-job training, access to commuting support, etc.

e Promote the value of being a public servant and helping to improve society.

e Create a transparent system for promotions and incentives based on employee performance to
award highly effective employees.

e Require employees to work for the DOT for a set period after obtaining a job-related license.

e Provide supervisors with leadership training to lead their teams and help their associates
identify the potential career path they can follow.
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Task 4: Training Materials for Current and Future Workforce

Transportation technology and infrastructure developments are changing rapidly, which impacts MDOT
workforce recruiting and training. This section highlights the postsecondary education and training
programs to support the emerging trends and occupations in the transportation industry.

4.1 Methodology
4.1.1 Purpose, Timeframe, and Geography

To accomplish Task 4, the WIN team analyzed the results of Tasks 1-3, together with additional research
to conduct an environmental scan and asset map of educational training resources and conduct an
environmental scan of skills for five high demand occupations. WIN examined in-demand training
programes, skills, certifications, and wages to provide a full landscape of the projected change in
operations to the transportation industry.

The focus of data in this report is for the state of Michigan. The data was compiled using employer
demand, ascertained from online job advertisements, employment, wage data, and education program
from Economic Modeling Specialists, International (Emsi). Emsi scans multiple governmental sources
(i.e. Bureau of Labor Statistics, US Census Bureau) to provide insight into major trends in jobs and
wages. The occupational employment analyzed in the following was for 2019 to 2020 and projected
through 2030, where applicable. While online posting data reflects January 2019 through December
2019. All data is focused on occupations identified by MDOT. In addition, researchers conducted an
internal survey of Michigan Department of Transportation department heads. The survey provided
critical content to assess the current needs and barriers departments face. This data shed light on future
skills that are needed in response to emerging technological advancements which aided in the
development of Tasks 4 and 5.

4.1.2 Occupation Selection

Transportation technology occupations are emerging, so standard occupation codes are not nuanced
enough to capture all skills needed to meet current operational demands. Based on conversations with
MDOT representatives and department-wide survey results of existing occupational skills needs, this
study was narrowed to understand the present and future demands and skills gaps associated with five
high-demand occupations. These occupations are Civil Engineers, Civil Engineering Technologists and
Technicians, Electricians, Highway Maintenance Workers, and Surveyors.

4.2 Introduction

The advancement of transportation technologies is rapidly changing, as evidenced by new technologies
such as big data analytics, connected and automated vehicle technologies (CAV), and civil integrated
management (CIM), which alters how the industry operates. MDOT is challenged with upskilling the
current workforce to keep pace with the advancement of core technologies of focus. Upskilling
incumbent workers through training in advanced technologies as it becomes available will support the
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industry’s needs while identifying emerging skills needed for entry-level workers. The scope of this guide
includes five transportation-related occupations that were analyzed to gain insight into the skills,
education requirements, and gaps existing for workers in these occupations. This report's recruitment
and training sections feature the core technology focus areas identified in task one and analyze the most
relevant emerging technology occupation skills needs. The technology focus areas identified in task one
includes:

e Mobile Robotics

e Advanced Traffic Management Systems

e Data Analytics

e  Mechanistic-Empirical Design and Engineering

e Complete Streets Design and Context-Sensitive Solutions

4.3 Analysis of Restructured Transportation Departments

When it comes to federal transportation policy, the Federal Highway Administration (FHWA) under the
United States Department of Transportation (USDOT) and the National Highway Traffic Safety
Administration (NHTSA) remain the preeminent sources. Many Departments of Transportation (DOTSs)
are experiencing staffing shortages and increased workloads, resulting in a shift from internal staff to
external contractors performing critical tasks, such as inspection and contract administration services,
construction surveying and job-staking, and quality assurance. This trend has been reflected in both
Arizona and South Carolina, which consult with engineers to complete significant workload
responsibilities. With a heavier reliance on needed consulting services, the staff receives greater
responsibility for managing projects and higher compensation for performance accountability. The
following case studies give high-level overviews of the changes made within other DOT'’s that have
encouraged employee growth and retention while decreasing workloads.

Other strategies to manage decreased staffing include prioritizing inspections, reducing testing
frequencies, phasing inspections (inspecting work at predetermined stages), reducing paperwork
requirements, using student technical assistants and construction aids, implementing automated
construction management systems, and using various innovative contracting procedures such as
construction warranties and the design-build concept (AASHTO, 2020).

431 Arizona

The Arizona Department of Transportation (ADOT) uses consulting engineers for surveying, construction
contract administration, and materials testing. ADO uses both full-service and on-call consulting
engineer contracts to provide needed services. Full-service consulting engineers provide all the services
required to monitor a specific project. These could include the use of a resident engineer, chief
inspector, field office supervisor, materials laboratory supervisor, survey party chief, traffic control
specialist, and landscape inspector. ADOT appoints a project monitor in charge to oversee the
contractor’s work. On-call consulting engineers provide needed services on a task-order basis. According
to an ADOT official, using on-call contracts enables ADOT to negotiate a task order in 15 to 30 days,
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compared with the 60 to 90 days needed to advertise, sign a contract, and issue a notice to proceed
with a project. Consequently, required work can begin more quickly with a task order.

To retain professional employees, ADOT restructured the pay system for engineers. Engineers received
an initial 10-percent pay raise the first year, followed by a 5-percent pay raise in each of the two
subsequent years. In addition, ADOT implemented Partnering—a teamwork-oriented construction
management method that attempts to eliminate the adversarial relationship between owners and
construction contractors inherent in traditional design and construction processes. The purpose of
partnering was to proactively develop a spirit of cooperation through a structured, systematic
methodology for developing teamwork and collaboration through shared goals, open communication,
problem identification and resolution, conflict escalation procedures, and team performance
monitoring. This program was designed to improve ADOT’s relationships with contractors, obtain fair
interpretations of specifications, and reduce contractors’ claims, project time, and cost growth.

4.3.2 South Carolina

The South Carolina Department of Transportation (SCDOT) accelerates its efforts to compress the time
needed to execute its workload without increasing in-house staffing levels. To accomplish this, it has
initiated a program called Construction and Resource Manager (CRM). Through this program, SCDOT
competitively hired two CRM contractors to provide support staff to assist SCDOT program managers in
delivering projects on time and within budget. CRM staff act as extensions of the regular SCDOT staff,
who make final decisions since this authority has not been given to contract personnel. CRM staff is
assigned to various tasks, including project and program management, preliminary engineering, design
supervision and review, acquisition of rights-of-way, construction engineering and inspection, financial
management, and disadvantaged business enterprise use. Other contractors undertake the design work
beyond the environmental impact stage of construction projects. Suppose SCDOT staff were to perform
the work planned for the two CRM contractors. In that case, SCDOT estimates that it would have to hire
about 500 personnel—200 for preliminary engineering and 300 for construction-related services. SCDOT
did not calculate the cost difference between contracting for and hiring the increased staff.

As part of implementing the CRM contracts, SCDOT established 11 Work Process teams: Executive,
Strategic Planning, Disadvantaged Business Enterprise (DBE), Financial, Procurement,
Environmental/Design, Utilities, Program Development, Right-of-way, Construction, and Information
Technology/WEB. These teams—comprised of representatives from SCDOT, the CRM contractors, and
FHWA—have developed over 83 initiatives to improve SCDOT’s procedures and practices. Some
highlights of the completed initiatives include streamlining the contractor submittal processes, including
value engineering proposals, developing a comprehensive quality assurance/quality control manual for
preconstruction activities, improving and shortening the DBE certification process, improving utility
relocation and payment.
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4.4 Occupation Snapshots

The transportation infrastructure has been subjected to the same changes in technological expansion as
seen in many other industry sectors. Businesses are struggling to find talent with the necessary skills to
adapt to new processes, which are inevitable. The organization-wide survey results represent a broad
range of respondents from MDOT, particularly those in supervisory, managerial, engineering,
administrative, and directorial positions. The specified hard-to-fill jobs are categorized into six
overarching occupation groups: Electrician, Engineering, Technician, Specialist, Analyst, and Other. The
following five occupations have been identified as high-demand and hard to fill positions in the
transportation industry by survey respondents, which are projected to change the operations of the
transportation infrastructure:

e Civil Engineers

e Civil Engineering Technologists and Technicians
e Electricians

e Highway Maintenance Workers

e Surveyors

4.4.1 Civil Engineers (17-2051.00)

Civil engineers typically perform duties in planning, designing, and overseeing construction and
maintenance of building structures and facilities, such as roads, railroads, airports, bridges, harbors,
channels, dames, irrigation projects, pipelines, power plants, and water and sewage systems. Subset
occupations encompassed under civil engineers include transportation engineers and water/wastewater
engineers. As this occupation evolves in the transportation industry, it would primarily align with the
mechanistic-empirical design and engineering focus area. This focus area provides a range of
transportation and mobility-related services, where construction and maintenance of highway
pavements is a core priority. This occupation's top job titles include transportation engineers, traffic
engineers, civil engineers, transportation project engineers, and bridge engineers.

Workforce Insight

Civil engineers are essential to MDOT due to their close interaction with transportation planners and
traffic management to inform decision-making on infrastructure and traffic management. In Michigan,
employment for civil engineers is expected to grow through 2030 gradually. In 2021, employment
reached 6,184 workers, an increase of 97 workers or 1.6 percent since 2020. However, this is lower than
the national average® for this size area, which has 8,747 workers. The racial and gender diversity of the
workforce lacks in the state, with 81.7 percent of the workers identifying as white and 85.6 percent as
male. A large concentration of the workforce (68.5 percent) is between 25-54 years old, while 24.9
percent is 55 years or older. Compared to the national average (1,574 workers) for an area this size, the
retirement risk in Michigan is about average with 1,515 workers. The location quotient represents how

6 National average values are derived by taking the national value for Civil Engineers and scaling it down to account for the difference in overall
workforce size between the nation and Michigan. In other words, the values represent the national average adjusted for region size.
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concentrated an occupation is in the region compared to the nation. The location quotient is expected
to increase from 0.71 in 2021 to 0.75 in 2030. While the increase in civil engineers in the area can
benefit talent attraction for MDOT, the concentration of workers is lower than the nation, indicating a
smaller talent pool of workers, making it more difficult to attract candidates. The automation index, a
metric of automation risk for any given occupation based on individual job tasks, is essential to provide
additional insight into employment growth trends and changes in the job description. The automation
index captures an occupation’s risk of being affected by automation using four measures: the percent of
time spent on high-risk work, the percent of time spent on low-risk work, the number of high-risk jobs in
compatible occupations, and overall industry automation risk (Emsi, 2021). Civil engineers have an
automation index of 81.7 which indicates a lower-than-average risk of automation’. Figure 34 shows the
relation between employment and the location quotient.

FIGURE 34: EMPLOYMENT COMPARED TO THE LOCATION QUOTIENT, 2020-2030
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Another method of analyzing regional demand concentration is to consider the volume of postings for
civil engineering occupations. In 2019, there were 3,767 total online job postings for civil engineer
occupations in Michigan. Nearly 1,081 of those were explicitly requested for transportation-related
duties. Figure 35 displays the 2019 monthly postings for civil engineers.

7 An automation index greater than 100 indicates a higher-than-average risk of automation; an automation index
less than 100 indicates a lower-than-average risk of automation.
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FIGURE 35: TRANSPORTATION-RELATED MONTHLY POSTINGS, 2019
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Data: Emsi | Analysis: Workforce Intelligence Network

The counties employing the most civil engineers in the state include Oakland, Macomb, Wayne, Ingham,
and Kent. Similarly, most workers in the state are employed and reside in Oakland, Macomb, Wayne,
Ingham, and Kent counties. The volume of net commuters is vital to identify the difference between the
occupational residents and occupational employment in the region. For counties with more workers
living than jobs available, the net commuting is negative, indicating that workers commute out of the
area for work. Figure 36 shows Michigan’s net commuters by county.
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FIGURE 36: MICHIGAN’S NET COMMUTERS BY COUNTY FOR CIVIL ENGINEERS
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Training Programs and Institutions

Educational providers have been working with industry employers to determine the skills and

credentials needed for specialized occupational duties. Many institutions can meet the demand for civil
engineering training in Michigan. There are eight specific training programs available, resulting in 1,011
completions for civil engineering occupations from 31 institutions throughout Michigan. Workers can
acquire the skills needed through a combination of on-the-job experience, formal training, and higher
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education. The institutions that had the most completions in 2019 for civil engineering related programs

were the Michigan State University (203 completions), Calvin University (114 completions), Michigan

Technological University (107 completions), University of Michigan-Ann Arbor (105 completions), and

Wayne State University (63 completions). Table 8: Programs Available and Completions, 2019Table 8

shows the completions for all related programs offered.

TABLE 8: PROGRAMS AVAILABLE AND COMPLETIONS, 2019

CIP Code Program 2019 Completions
14.0801 Civil Engineering, General 434

14.0101 Engineering, General 424

14.0102 Pre-Engineering 96

14.3301 Construction Engineering 22

14.3801 Surveying Engineering 16

14.0803 Structural Engineering 10

14.0401 Architectural Engineering 7

14.0805 Water Resources Engineering 2

Data: Emsi | Analysis: Workforce Intelligence Network

Of the eight programs offered, only Engineering, General, and Pre-Engineering programs offer an
associate degree, the lowest degree level available for this occupation. An associate degree can take up
to two years to complete, indicating that these programs are entry pathways to specialized training
programs. Table 9 illustrates programs and the degree levels offered.

Table 9: Civil Engineering Related-Programs Titles/CIP Codes and the Degree Level Offered, 2019

Civil
Engineering,
General

Engineering,
General

Pre-Engineering

Construction

Engineering

Surveying
Engineering

Bachelor’s
Degree

Post-
Baccalaureate

Associate’s
Degree
Certificate

No Completions X No Completions

Reported Reported

X X No Completions
Reported

X No Completions No Completions

No Completions
Reported

No Completions
Reported

Reported

No Completions
Reported

X

Reported

No Completions
Reported

No Completions
Reported

Master’s Degree

No Completions
Reported

Post-Master’s
Certificate

No Completions
Reported

No Completions
Reported

No Completions
Reported

No Completions
Reported
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Doctoral Degree

No Completions
Reported

No Completions
Reported

No Completions
Reported

No Completions
Reported
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Structural No Completions X X No Completions No Completions
Engineering Reported Reported Reported
Architectural No Completions X No Completions X No Completions No Completions
Engineering Reported Reported Reported Reported
Water No Completions No Completions X No Completions No Completions No Completions
Resources Reported Reported Reported Reported Reported
Engineering

*Program titles may vary by institution

Data: Emsi | Analysis: Workforce Intelligence Network

Desired Skills

In response to emerging technology, skills help to understand how occupation is changing. Workers can
acquire the skills needed for civil engineering through a combination of on-the-job experience, formal
training, and higher education. Specialty certifications are attractive to recruiters in this field.
Transportation-related certifications for civil engineers in the state include professional engineers,
engineers in training, and professional traffic operations engineer. Technical skills preferred for this
occupation are civil engineering, MicroStation (CAD design software), transport engineering, AutoCAD,
and computer-aided design. In contrast, foundational skills include construction, management, planning,
communications, and coordinating. Through analyzing in-demand skills and identifying the skills
necessary for mechanistic-empirical design and engineering in transportation, it can be summarily
agreed that the emerging skills for this occupation include knowledge in analytical or scientific software,
business intelligence and data analysis software, calendar and scheduling software, computer-aided
design (CAD) software, and database user interface and query software. The following list displays the
top foundational and technical skills in this occupation and emerging skills.
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Figure 37 depicts the top 15 skills for civil engineers by quarter.

TABLE 10: IN-DEMAND SKILLS FOR CIVIL ENGINEERS

September 2021

Top Technical Skills

Top Foundational Skills

Emerging Skills

Civil Engineering

Construction

Analytical or scientific software

Microstation (CAD Design Software) Management Business intelligence and data analysis
software
Transport Engineering Planning Calendar and scheduling software

AutoCAD

Communications

Computer-aided design CAD software

Computer-Aided Design

Coordinating

Database user interface and query
software

OpenRoads (Civil Design Software)

Valid Driver's License

Development environment software

Project Engineering

Operations

Document management software

Traffic Engineering

Mentorship

Enterprise application integration
software

Construction Management

Written Communication

Enterprise resource planning ERP
software

Engineering Design Process

Microsoft Office

Graphics or photo imaging software

Data: Emsi | Analysis: Workforce Intelligence Network
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FIGURE 37: TopP 15 SKILLS FOR CIVIL ENGINEERS BY QUARTER
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Wage Analysis

The relationship between education and experience determines the wages earned by civil engineers in
the field, so typical compensation for these workers in Michigan ranges from USD26.33 to USD46.06 an
hour. Figure 38 shows the median hourly wages by the experience a worker has in the state. It is
important to note that wages will range above and below the plotted point. The median hourly salary is
USD37.37, which is 12.1 percent lower than the national median. Figure 39 displays the typical median
wages for civil engineers in Michigan.

FIGURE 38: COMPENSATION BY YEARS OF EXPERIENCE
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FIGURE 39: COMPENSATION WAGE SCALE
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4.4.2 Civil Engineering Technologists and Technicians (17-3022.00)

Civil engineering technologists and technicians are responsible for applying theory and principles of civil
engineering in planning, designing, and overseeing construction and maintenance of structures and
facilities under the direction of engineering staff or physical scientists. As this occupation evolves in the
transportation industry, it primarily would align with the data analytics focus area. This focus area
determines what data is valuable and how it can be used, transforming data into actionable information
requiring skill and experience. This occupation's top job titles include transportation technicians,
engineering technicians, construction technicians, civil engineering technicians, and construction service
technicians.

Workforce Insight

Civil engineering technologists and technicians are similar to civil engineers due to the strong interaction
between transportation technicians and construction management to inform infrastructure and project
management decision-making. In Michigan, employment for civil engineering technologists and
technicians is expected to grow through 2030 gradually. In 2021, employment totaled 1,443 workers, an
increase of 11 workers or 0.8 percent since 2020. However, this is lower than the national average for
this size area, which has 2,024 workers. The racial and gender diversity of the workforce is low in the
state, with 78.0 percent of the workers identifying as white and 80.0 percent as male. A large
concentration of the workforce (64.3 percent) is between 25-54 years old, while 23.9 percent is 55 years
or older. Compared to the national average (356 workers) for an area of similar size, the retirement risk
in Michigan is about average with 342 workers. The location quotient is expected to increase from 0.71
in 2021 to 0.74 in 2030. While an increase in civil engineering technologists and technicians in the region
is an advantage for talent attraction to MDOT, a lower concentration of workers than the nation, which
indicates a smaller talent pool of workers, makes it more difficult to attract candidates. The automation
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index for civil engineering technologists and technicians is 92.4, which indicates a lower-than-average
risk of automation®. However, an automation index greater than 100 indicates a higher-than-average
chance of the occupation becoming automated and this occupation group is near the edge. Figure 40
shows the relation between employment and the location quotient.

FIGURE 40: EMPLOYMENT COMPARED TO THE LOCATION QUOTIENT, 2020-2030
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Another method of analyzing regional demand concentration is considering the volume of postings for
civil engineering technologists and technician occupations. In 2019, there were 567 total online job
postings for civil engineering technologists and technician occupations in Michigan. Of those, 131
postings were explicitly requested for transportation-related duties.

Figure 41 displays the 2019 monthly postings for civil engineering technologists and technicians.

8 An automation index greater than 100 indicates a higher-than-average risk of automation; an automation index
less than 100 indicates a lower-than-average risk of automation.
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FIGURE 41: TRANSPORTATION-RELATED MONTHLY POSTINGS, 2019
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